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1

PREDICTING PURCHASE SESSION
BEHAVIOR USING THE SHOPPING FUNNEL
MODEL STAGES

FIELD

The present disclosure relates generally to online shop-
ping and, 1 a specilic example embodiment, predicting
purchaser behavior 1n electronic transactions.

BACKGROUND

The notion of a shopping funnel explaining the narrowing
of a consumer’s consideration set through the purchase
decision process has been widely studied. Insight into user
behavior may be predicted through use of shopping funnel
analysis

BRIEF DESCRIPTION OF DRAWINGS

Various ones of the appended drawings merely 1llustrate
example embodiments of the present invention and cannot
be considered as limiting 1ts scope.

FIG. 1 1s a block diagram 1llustrating an example embodi-
ment of a network architecture of a system used to provide
country-specific recommendations for transaction selling
assistance.

FI1G. 2 1s a block diagram 1llustrating an example embodi-
ment of a publication system.

FIG. 3 1s a diagram 1llustrating a shopping funnel.

FIG. 4 1s a diagram illustrating an example of user
sessions over a period of time.

FIG. 5 1s a diagram 1illustrating shopping spans across
different types of users.

FIG. 6 A and FIG. 6B are diagrams 1llustrating view and
search span distributions prior to purchases made by a user.

FIG. 7 1s a diagram illustrating distribution of user
actions/events before purchase.

FIG. 8 1s a diagram illustrating the number of unique
items viewed by a user prior to making a purchase.

FIG. 9 1s a diagram 1illustrating the Gini index of views
prior to making a purchase.

FIG. 10 1s a flow chart illustrating a method according to
an embodiment.

FIG. 11 1s a simplified block diagram of a machine 1n an
example form of a computing system within which a set of
instructions for causing the machine to perform any one or
more of the methodologies discussed herein may be
executed.

DETAILED DESCRIPTION

The description that follows includes systems, methods,
techniques, 1nstruction sequences, and computing machine
program products that embody 1llustrative embodiments of
the present invention. In the following description, for
purposes ol explanation, numerous specific details are set
forth in order to provide an understanding of various
embodiments of the iventive subject matter. It will be
evident, however, to those skilled 1in the art that embodi-
ments of the inventive subject matter may be practiced
without these specific details. In general, well-known
instruction instances, protocols, structures, and techniques
have not been shown 1n detail.

With reference to FIG. 1, an example embodiment of a
high-level client-server-based network architecture 100 to
enable personalization of search results 1s shown. A net-
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2

worked system 102, in an example form of a network-
server-side functionality, 1s coupled via a communication
network 104 (e.g., the Internet, wireless network, cellular
network, or a Wide Area Network (WAN)) to one or more
client devices 110 and 112. FIG. 1 illustrates, for example,
a web client 106 operating via a browser (e.g., such as the

INTERNET EXPLORER® browser developed by Micro-
solt® Corporation of Redmond, Wash. State), and a pro-
grammatic client 108 executing on respective client devices
110 and 112.

The client devices 110 and 112 may comprise a mobile
phone, desktop computer, laptop, or any other communica-
tion device that a user may utilize to access the networked
system 102. In some embodiments, the client device 110
may comprise a display module (not shown) to display
information (e.g., in the form of user interfaces). In further
embodiments, the client device 110 may comprise one or

more of a touch screen, accelerometer, camera, microphone,
and GPS device. The client devices 110 and 112 may be a
device of a user, which 1s used to perform a transaction
involving digital goods within the networked system 102. In
one embodiment, the networked system 102 1s a network-
based marketplace that manages digital goods, publishes
publications comprising item listings of products available
on the network-based marketplace, and manages payments
for these marketplace transactions.

Additionally, external sites 128, 128' may be sites coupled
to networked system 102 via network 104. External sites
may be any desired system, 1including ecommerce systems.

An Application Program Interface (API) server 114 and a
web server 116 are coupled to, and provide programmatic
and web 1nterfaces respectively to, one or more application
servers 118. The application servers 118 host a publication
system 120 and a payment system 122, each of which may
comprise one or more modules, applications, or engines, and
cach of which may be embodied as hardware, software,
firmware, or any combination thereof. The application serv-
ers 118 are, 1n turn, coupled to one or more database servers
124 facilitating access to one or more information storage
repositories or database(s) 126. In one embodiment, the
databases 126 are storage devices that store information to
be posted (e.g., publications or listings) to the publication
system 120. The databases 126 may also store digital goods
information in accordance with example embodiments.

In example embodiments, the publication system 120
publishes content on a network (e.g., Internet). As such, the
publication system 120 provides a number of publication
and marketplace functions and services to users that access
the networked system 102. The publication system 120 1s
discussed 1 more detail in connection with FIG. 2. In
example embodiments, the publication system 120 1s dis-
cussed in terms ol an online marketplace environment.
However, 1t 1s noted that the publication system 120 may be
associated with a non-marketplace environment such as an
informational (e.g., search engine) or social networking
environment.

The payment system 122 provides a number of payment
services and functions to users. The payment system 122
allows users to accumulate value (e.g., 1n a commercial
currency, such as the U.S. dollar, or a proprietary currency,
such as points, miles, or other forms of currency provide by
a private entity) in thelr accounts, and then later to redeem
the accumulated value for products (e.g., goods or services)
that are made available via the publication system 120 or
clsewhere on the network 104. The payment system 122 also
facilitates payments from a payment mechanism (e.g., a
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bank account, PayPal™, or credit card) for purchases of
items via any type and form of a network-based market-
place.

While the publication system 120 and the payment system
122 are shown 1n FIG. 1 to both form part of the networked
system 102, it will be appreciated that, in alternative
embodiments, the payment system 122 may form part of a
payment service that 1s separate and distinct from the
networked system 102. Additionally, while the example
network architecture 100 of FIG. 1 employs a client-server
architecture, a skilled artisan will recognize that the present
disclosure 1s not limited to such an architecture. The
example network architecture 100 can equally well find
application 1n, for example, a distributed or peer-to-peer
architecture system. The publication system 120 and pay-
ment system 122 may also be implemented as standalone
systems or standalone software programs operating under
separate hardware platforms, which do not necessarily have
networking capabilities.

Referring now to FIG. 2, an example block diagram
illustrating multiple components that, 1n one embodiment,
are provided within the publication system 120 of the
networked system 102 1s shown. In this embodiment, the
publication system 120 1s a marketplace system where 1tems
(e.g., goods or services) may be offered for sale. The items
may comprise digital goods (e.g., currency, license rights).
The publication system 120 may be hosted on dedicated or
shared server machines (not shown) that are communica-
tively coupled to enable communications between the server
machines. The multiple components themselves are com-
municatively coupled (e.g., via appropriate interfaces),
either directly or indirectly, to each other and to various data
sources, to allow information to be passed between the
components or to allow the components to share and access
common data. Furthermore, the components may access the
one or more databases 126 via the one or more database
servers 124.

The publication system 120 provides a number of pub-
lishing, listing, and price-setting mechanisms whereby a
buyer may list (or publish information concerning) goods or
services for sale, a buyer can express interest 1in or indicate
a desire to purchase such goods or services, and a price can
be set for a transaction pertaining to the goods or services.
To this end, the publication system 120 may comprise at
least one publication engine 202 and one or more auction
engines 204 that support auction-format listing and price
setting mechanisms (e.g., English, Dutch, Chinese, Double,
Reverse auctions, etc.).

A pricing engine 206 supports various price listing for-
mats. One such format 1s a fixed-price listing format (e.g.,
the traditional classified advertisement-type listing or a
catalog listing). Another format comprises a buyout-type
listing. Buyout-type listings (e.g., the Buy-It-Now (BIN)
technology developed by eBay Inc., of San Jose, Calif.) may
be offered 1n conjunction with auction-format listings and
allow a buyer to purchase goods or services, which are also
being ofiered for sale via an auction, for a fixed price that 1s
typically higher than a starting price of an auction for an
item.

A store engine 208 allows a buyer to group listings within
a “virtual” store, which may be branded and otherwise
personalized by and for the buyer. Such a virtual store may
also ofler promotions, incentives, and features that are
specific and personalized to the buyer. In one example, the
buyer may offer a plurality of items as Buy-It-Now 1tems in
the virtual store, offer a plurality of items for auction, or a
combination of both.
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A reputation engine 210 allows users that transact, utiliz-
ing the networked system 102, to establish, build, and
maintain reputations. These reputations may be made avail-
able and published to potential trading partners. Because the
publication system 120 supports person-to-person trading
between unknown entities, 1n accordance with one embodi-

ment, users may otherwise have no history or other reference
information whereby the trustworthiness and credibility of
potential trading partners may be assessed. The reputation
engine 210 allows a user, for example through feedback
provided by one or more other transaction partners, to
establish a reputation within the network-based marketplace
over time. Other potential trading partners may then refer-
ence the reputation for purposes of assessing credibility and
trustworthiness.

Navigation of the network-based marketplace may be
facilitated by a navigation engine 212. For example, a
browse module (not shown) of the navigation engine 212
allows users to browse various category, catalog, or inven-
tory data structures according to which listings may be
classified within the publication system 120. Various other
navigation applications within the navigation engine 212
may be provided to supplement the browsing applications.

In order to make listings available via the networked
system 102 as visually informing and attractive as possible,
the publication system 120 may include an imaging engine
214 that enables users to upload 1images for inclusion within
publications and to incorporate images within viewed list-
ings. The imaging engine 214 may also receirve image data
from a user as a search query and utilize the 1mage data to
identify an item depicted or described by the image data.

A listing creation engine 216 allows users (e.g., buyers) to
conveniently author listings of items. In one embodiment,
the listings pertain to goods or services that a user (e.g., a
buyer) wishes to transact via the publication system 120. In
other embodiments, a user may create a listing that 1s an
advertisement or other form of publication.

A listing management engine 218 allows the users to
manage such listings. Specifically, where a particular user
has authored or published a large number of listings, the
management of such listings may present a challenge. The
listing management engine 218 provides a number of fea-
tures (e.g., auto-relisting, mventory level monitors, etc.) to
assist the user 1n managing such listings.

A post-listing management engine 220 also assists users
with a number of activities that typically occur post-listing.
For example, upon completion of a transaction facilitated by
the one or more auction engines 204, a buyer may wish to
leave feedback regarding a particular buyer. To this end, the
post-listing management engine 220 provides an interface to
the reputation engine 210 allowing the buyer to conveniently
provide feedback regarding multiple buyers to the reputation
engine 210. Another post-listing action may be shipping of
sold 1items whereby the post-listing management engine 220
may assist 1n printing shipping labels, estimating shipping
costs, and suggesting shipping carriers.

A search engine 222 performs searches for publications 1n
the networked system 102 that match a query. In example
embodiments, the search engine 222 comprises a search
module (not shown) that enables keyword searches of pub-
lications published via the publication system 120. In a
further embodiment, the search engine 222 may take an
image received by the imaging engine 214 as an input for
conducting a search. The search engine 222 takes the query
input and determines a plurality of matches from the net-
worked system 102 (e.g., publications stored 1n the database
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126). It 1s noted that the tunctions of the search engine 222
may be combined with the navigation engine 212.

A user activity detection engine 224 1 FIG. 2 may
monitor user activity during user sessions and detect a
change 1n the level of user activity that, as discussed 1n more
detail below, may predict that a user 1s about to make a
purchase. The exact amount of change in the level of user
activity may vary. A general guideline may be to monitor
across multiple sessions and detect any significant increase
over time (for example the activity level doubling or tripling
in a short span).

In one embodiment, when the purchase activity detection
engine detects such a condition, the ecommerce system may
make an intervention to provide content for display to the
user 1n an effort to improve the probabaility that the user will
make a purchase, and/or also to motive the user to make the
purchase on the ecommerce system site instead of moving to
a competitor site 1 search of a better purchase. Stated
another way, activity over time and at different times before
a purchase action, provides an opportunity to personalize
marketing to a user, based on time, by intervention as
discussed above. Additional examples of including a tem-
poral frame 1n that marketing personalization are discussed
below.

Although the various components of the publication sys-
tem 120 have been defined 1n terms of a variety of individual
modules and engines, a skilled artisan will recognize that
many of the items can be combined or organized in other
ways and that not all modules or engines need to be present
or implemented 1n accordance with example embodiments.
Furthermore, not all components of the marketplace system
120 have been included in FIG. 2. In general, components,
protocols, structures, and techniques not directly related to
functions of exemplary embodiments (e.g., dispute resolu-
tion engine, loyalty promotion engine, personalization
engines, etc.) have not been shown or discussed in detail.
The description given herein simply provides a variety of
exemplary embodiments to aid the reader in an understand-
ing of the systems and methods used herein.

FIG. 3 1s a diagram 1llustrating a shopping funnel. The
notion of a shopping funnel explaining the narrowing of a
consumer’s consideration set through their decision process
has been widely studied 1n the past. The shopping funnel 1s
based on the information processing theory which postulates
that consumer decision making involves a five stage process:
(1) problem recognition (2) information search (3) alterna-
tive evaluation and selection (4) outlet selection and pur-
chase and (3) post-purchase processes. Authors B. Jansen
and S. Schuster, in their paper Bidding on the Buying Funnel
for Sponsored Search and Keyword Advertising, Journal of
Electronic Commerce Research, 2011, have proposed the
shopping funnel as awareness, research decision, and pur-
chase. The list of items that consumers consider 1n a session
Or across consecutive sessions shrinks when approaching the
final purchase, resembling the shape of a funnel. The sales
funnel model 1n marketing depicts that a decreasing number
ol consumers remain as retailers push consumers to a final
deal from the imitial marketing campaign. The shopping
tfunnel model 1s the parallel of a sales funnel from the point
of view of consumers. This 1s used to describe the narrowing
down of a consumer’s item consideration set as s/he
approaches a purchase decision.

What has been undiscovered until now, and what our
analysis of session data of an ecommerce system such as
c¢Bay has shown, 1s that the activity levels of consumers 1n
fact increase as they advance through stages of their pur-
chase decision process. The discovery was made by studying
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a complementary behavior from earlier shopping funnel
studies, namely, analyzing consumer activity levels or inten-
sity of interaction as the purchase decision approaches. Our
study also shows that 1t 1s not necessary that users narrow
down their selection as strongly as has been claimed 1n the
past. In fact users start with concentration on a large item set
and slowly narrow down their attention. But that does not
mean that users stop exploring for new 1tems 1n that process.
As users narrow down their selection of items, they are
continually on the lookout for potentially new or additional
items that may come on the market which could be good
deals, or similar items to those under consideration. So it
may be that at or near the time of purchase a user may move
to a competitive ecommerce site to find a better purchase.
Hence, the content discussed briefly above may not only
provide temporal frame marketing personalization to moti-
vate the user to execute a transaction such as a purchase, but
to execute the transaction on this site as opposed to a
competitor site.

FIG. 4 1s a diagram illustrating an example of user
sessions over a period of time, as an example of how user
sessions generally vary over a week. An analysis on half
year session level data on a sample of ecommerce system
users show that (1) users across substantially all activity
levels have both long and short purchase sessions and (2) as
users approach a purchase decision their activity levels (e.g.
views) on a per-session or per-hour window rises sharply.
This sheds light on the user decision process prior to
purchase and compares with the shopping funnel model.
However, the result of the analysis depicts a different picture
from the shopping funnel model: through having a different
rhythm in shopping, users become increasingly active right
betore the purchase, potentially expanding the selection of
items as well as concentrating on a few 1tems. This suggests
that looking at the shopping funnel process alone 1s 1nsui-
ficient for understanding the consumer’s thought process
and excitement levels. One needs to dig deeper 1nto engage-
ment levels to obtain a better picture. In this regard, our
analysis comprised sampling a significant number of data
sets of users who have logged on to an ecommerce system
during a given period, and retrieving essentially all their
purchase related events such as, for example, *“Search,”
“View Item,” “Watch Item,” “Bid” (as 1n an auction) “BIN”
(short for Buy It Now) and “Feedback™ 1n that period. Stated
another way, user activity may be observed over several
days, which may be called a session. The term “user session”
and “purchaser session” may be used herein interchange-
ably. As an example, a user may log into an ecommerce
system, spend some time viewing various items, then log off
and then perhaps log back in the same evening or the next
day and continue exploring items. Each of these pieces may
be called a session. There 1s what 1s termed cross session
rhythm, meaning how a user’s activity level 1n one session
1s changing, with respect to the previous session or the next
session. This may be determined by observing several
consecutive sessions and detecting where the activity level
changes from one session to the next, and to the next, and so
on. This introduces a temporal frame 1n the context of
comparing sessions ol users online.

Each session may include at least one 1tem search/browse
that 1s 1n the same category of the final purchased item.
Intuitively bidding activities exhibit very diflerent dynamics
from traditional online shopping (for e.g. excessive bidding
as the auction nears the close time). Therefore we may
exclude the sessions with bid and focus on purchase ses-
S101S.
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Results of our analyses such as those discussed above can
be organized for two dimensions: (1) the span of purchase
session and (2) the pre-purchase modeling of activity levels.
The span of shopping can be designated as fast shopping
versus slow shopping. FIG. 5 1s a diagram 1illustrating
shopping spans across different types of users. In one
embodiment, FIG. 5 shows shoppers who have made several
transactions (or fast shoppers) labeled “Active” in FIG. 5,
shoppers who have made very few transactions labeled
“Inactive,” slow shoppers, and “normal” shoppers, classified
as those that fall in between. The bimodal distribution 1n
FIG. S indicates that while consumer exploration durations
span an entire range there are two peaks; a larger one 50, 52,
54 1ndicating transactions that resulted from shorter explo-
ration phases while another smaller peak 51, 53, 55 indicates
transactions that involved significantly longer exploration
durations as shown by the horizontal time axis. The hori-
zontal access 1s presented on a logarithmic-scale for number
of hours from the beginning of the exploration phase until a
transaction 1s made.

As to span of purchase, FIGS. 6 A and 6B illustrate results
of the data set analysis discussed above, and illustrate that
shopping spans across diflerent types of users the fast (or
quick) shoppers do less research (or view and search fewer
items) before purchase. Here the horizontal axes show the
number of items viewed before a purchase 1s made or the
number of searches 1ssued. An immediate hypothesis might
have been that the more active users tend to spend more time
betore the purchase. However, the comparison of users in
different activity levels (classified, 1n one example mnvesti-
gation, by total number of sessions 1n half a year) shows that
the divergent shopping pattern persists among all three
levels of FIG. 5. Knowing that some users spend more time
and some spend less time for purchases, then pre-purchase
behavior as users advance through stages of the shopping
tfunnel model may be investigated. In one embodiment, view
and search span distributions prior to purchases were mves-
tigated 1n the above analysis. Purchase sessions that span
less than e1ght hours were categorized as fast and otherwise
were categorized as slow. FIG. 6 A illustrates results for view
span distributions prior to purchases and FIG. 6B illustrates
results for search distributions prior to purchases. The early
mode 67 seen 1n the figure illustrates that certain transac-
tions still occur with minimal exploration.

Activities of users before the purchase for understanding
user behavior on an ecommerce system may then be ana-
lyzed. FIG. 7 shows action intensity prior to purchase
decisions for all the users measured as number of click
cvents. As can be seen at 70, 72, the total activity very
quickly ramps up close to a decision. Note that most events
happen 12 hours before the purchase and there 1s significant
increase ol activities getting closer to the final purchase. An
understandable pattern 1s the periodical peaks separated by
roughly 24 hours corresponding to the daily cycles.

To better model the research and decision stages of users
the pool of items considered and the concentration of
attention on a few items may be visualized as in FIG. 8 and
in FIG. 9. These figures show that users expand their 1tem
selection scope, or items viewed, just before the purchase, as
at 80 1n FIG. 8. Hence the increasing number of unique items
viewed before purchase 1s represented 1n FIG. 8. At the same
time users concentrate more views (or attention) on a few
items as at 90 i FIG. 9 resulting in the increase of Gini
index 1 towards the purchase, where the Gim index mea-
sures the disparity of views on items. In particular in the
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same session as the final purchase, 1.e. session 0 1n FIGS. 8
and 9, users research more 1tems and simultaneously narrow
down to the final candidates.

The above pattern suggests a novel view that does not fit
the shopping funnel model. The shopping funnel suggests
users narrow down their selections before the purchase.
There are two possible explanations. The first 1s that online
shopping compresses the shopping process so that decision
stage closely follows research (in the same session) or even
in parallel. The other 1s that users do research on other sites
than the online shopping site itsell e.g. users may ask on
related forums or get advice from friends on social network
sites. As further exploration remains open this study high-
lights a fundamentally new behavioral pattern in last-minute
exploration and substantially increased activity levels yield-
ing behavioral nsights that go beyond what can be
explained by traditional shopping funnel models.

The purchase activity detection engine 224 of FIG. 2 may
detect increased activity of the type discussed above, and
may then transmit to the user content that i1s mtended to
change the user experience i a way that increases the
probability of purchase, and 1n some 1nstances, increases the
probability of purchase on the ecommerce system’s site.
This may be mmplemented in an effort to address and
forestall the probability that as the user narrows down to a
purchase, the user may move to a competitor ecommerce site
to make a purchase of a similar item that the user may
perceive as a better buy under the circumstances.

The user content that may be transmitted could include:

1. Altering the ecommerce system’s merchandizing algo-
rithm to narrow down at later stages of the funnel or to
limit 1tems merchandized to specific details, for
example, to someone looking at something used and
limiting shown 1tems to similar price ranges, or only to
mint condition items.

2. Item suggestions could add timely labels, for example,
“looks like you are really interested 1n this item—here
are the 1items like this that we think are the best value”.
Or the ecommerce system may suggest that the shown
items are based on the best match to the user’s activity
as detected by the purchase activity detection engine.

3. User experience to increase focus by showing fewer
items along the lines of “you may also want to buy . .
.7 and modily “similar items . . . ”

4. Presenting the right ads/coupons/incentives at the right
time (so that someone who 1s on the verge of making
a decision 1s motivated to transact on the platform).

5. Potentially show items and labels based on popularity
on the ecommerce system or beyond, or widget text like
“you don’t seem to be sure about this, how can I help”.

The above may be implemented by, in one embodiment,
the following algorithm:

1. Look at user cross-session activity patterns to predict

likelihood of transaction.

2. Let user activity (say 1tems viewed) in current session
be S_{now}, and previous sessions be S_{now-1},
S_{now-2} and so on.

3. Therefore the raw activity counts are denoted by

S_{now}l, IS_{now-1}I, .. ..

4. Let us use t to denote time steps (in session units)—the

below measure the “gradient” or “trend”, I.e. temporal
activity level change, over last few sessions.

5. If for all t=0, 1, 2, we have IS_(now-t/IS_({now-t—
1}I>\gamma, then predict that transaction “very likely”
in current session.

Step 5 above presents merely one possible algorithm, but
there could be several such possibilities. For example, in
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step 5, 1f \gamma=2, then the condition measures whether
the activity 1s at least doubling 1n every subsequent session
for the last 4 sessions. And 1f yes, then we predict that a
transaction 1s very likely in current session. Here of course
the number of time steps considered, the value of gamma,
and even the measure (1n this case ratio) are all parameters/
choices that can be modified. For example, more generally
one might consider any form of exponential increase 1n
activity across consecutive session. One may also allow
some tolerance to this rule, for user behavior variance, for
¢.g., 1t may be suflicient 1f for alpha fraction of previous T
time steps, Le. t=0, 1, 2, . . . T, we have |S_{now-t}|/
IS_{now-t-1}I>\gamma. Potentially even \gamma could be
a function of t.

FIG. 10 1s a flow chart illustrating a method according to
an embodiment. At 1010 the system may detect user activity
as discussed above with respect to the purchaser activity
detection engine 224. At 1020, the system tests to detect a
change 1n activity level, for example click events such as
described below, over time that indicates a purchase decision
1s about to be made such as discussed above also with
respect to purchaser activity detection engine 224. If no such
change 1n activity level 1s detected, the system returns to
1010 and continues. If such a change 1n activity 1s detected,
then at 1030 the system provides temporal frame marketing,
personalization to the user, such as the content that 1s
discussed above.

FIG. 11 1s a block diagram 1illustrating components of a
machine 1100, according to some example embodiments,
able to read instructions 1124 from a machine-readable
medium 1122 (e.g., a non-transitory machine-readable
medium, a machine-readable storage medium, a computer-
readable storage medium, or any suitable combination
thereol) and perform any one or more of the methodologies
discussed herein, 1n whole or 1n part. Specifically, FIG. 11
shows the machine 1100 1n the example form of a computer
system (e.g., a computer) within which the instructions 1124
(e.g., software, a program, an application, an applet, an app,
or other executable code) for causing the machine 1100 to
perform any one or more of the methodologies discussed
herein may be executed, 1n whole or in part.

In alternative embodiments, the machine 1100 operates as
a standalone device or may be connected (e.g., networked)
to other machines. In a networked deployment, the machine
1100 may operate 1n the capacity of a server machine or a
client machine 1n a server-client network environment, or as
a peer machine 1n a distributed (e.g., peer-to-peer) network
environment. The machine 1100 may be a server computer,
a client computer, a personal computer (PC), a tablet com-
puter, a laptop computer, a netbook, a cellular telephone, a
smartphone, a set-top box (STB), a personal digital assistant
(PDA), aweb appliance, a network router, a network switch,
a network bridge, or any machine capable of executing the
instructions 1124, sequentially or otherwise, that specily
actions to be taken by that machine. Further, while only a
single machine 1s illustrated, the term “machine™ shall also
be taken to include any collection of machines that indi-
vidually or jointly execute the istructions 1124 to perform
all or part of any one or more of the methodologies discussed
herein.

The machine 1100 includes a processor 1102 (e.g., a
central processing unit (CPU), a graphics processing unit
(GPU), a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a radio-frequency inte-
grated circuit (RFIC), or any suitable combination thereot),
a main memory 1104, and a static memory 1106, which are
configured to communicate with each other via a bus 1108.
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The processor 1102 may contain microcircuits that are
configurable, temporarily or permanently, by some or all of
the mstructions 1124 such that the processor 1102 1s con-
figurable to perform any one or more of the methodologies
described herein, 1n whole or 1n part. For example, a set of
one or more microcircuits of the processor 1102 may be
coniigurable to execute one or more modules (e.g., software
modules) described herein.

The machine 1100 may further include a graphics display
1110 (e.g., a plasma display panel (PDP), a light emitting
diode (LED) display, a liquid crystal display (LCD), a
projector, a cathode ray tube (CRT), or any other display
capable of displaying graphics or video). The machine 1100
may also include an alphanumeric input device 1112 (e.g., a
keyboard or keypad), a cursor control device 1114 (e.g., a
mouse, a touchpad, a trackball, a joystick, a motion sensor,
an eye tracking device, or other pointing instrument), a
storage unit 1116, an audio generation device 1118 (e.g., a
sound card, an amplifier, a speaker, a headphone jack, or any
suitable combination thereof), and a network interface
device 1120.

The storage unit 1116 includes the machine-readable
medium 1122 (e.g., a tangible and non-transitory machine-
readable storage medium) on which are stored the mnstruc-
tions 1124 embodying any one or more of the methodologies
or functions described herein. The instructions 1124 may
also reside, completely or at least partially, within the main
memory 1104, within the processor 1102 (e.g., within the
processor’s cache memory), or both, before or during execu-
tion thereof by the machine 1100. Accordingly, the main
memory 1104 and the processor 1102 may be considered
machine-readable media (e.g., tangible and non-transitory
machine-readable media). The instructions 1124 may be
transmitted or received over the network 190 via the net-
work 1nterface device 1120. For example, the network
interface device 1120 may communicate the instructions
1124 using any one or more transier protocols (e.g., hyper-
text transfer protocol (HTTP)).

In some example embodiments, the machine 1100 may be
a portable computing device, such as a smart phone or tablet
computer, and have one or more additional mput compo-
nents 1130 (e.g., sensors or gauges ). Examples of such input
components 1130 include an image input component (e.g.,
one or more cameras), an audio mmput component (e.g., a
microphone), a direction mput component (€.g., a compass),
a location mput component (e.g., a global positioning sys-
tem (GPS) receiver), an orientation component (e.g., a
gyroscope), a motion detection component (e.g., one or
more accelerometers), an altitude detection component (e.g.,
an altimeter), and a gas detection component (e.g., a gas
sensor). Inputs harvested by any one or more of these input
components may be accessible and available for use by any
of the modules described herein.

As used herein, the term “memory” refers to a machine-
readable medium able to store data temporarily or perma-
nently and may be taken to include, but not be limited to,
random-access memory (RAM), read-only memory (ROM),
bufler memory, flash memory, and cache memory. While the
machine-readable medium 1122 1s shown 1 an example
embodiment to be a single medium, the term “machine-
readable medium” should be taken to include a single
medium or multiple media (e.g., a centralized or distributed
database, or associated caches and servers) able to store
instructions. The term “machine-readable medium™ shall
also be taken to include any medium, or combination of
multiple media, that 1s capable of storing the instructions
1124 for execution by the machine 1100, such that the
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instructions 1124, when executed by one or more processors
of the machine 1100 (e.g., processor 1102), cause the
machine 1100 to perform any one or more of the method-
ologies described herein, 1n whole or 1n part. Accordingly, a
“machine-readable medium™ refers to a single storage appa-
ratus or device, as well as cloud-based storage systems or
storage networks that include multiple storage apparatus or
devices. The term “machine-readable medium™ shall accord-
ingly be taken to include, but not be limited to, one or more
tangible (e.g., non-transitory) data repositories 1n the form of
a solid-state memory, an optical medium, a magnetic
medium, or any suitable combination thereof.

Throughout this specification, plural instances may imple-
ment components, operations, or structures described as a
single instance. Although individual operations of one or
more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components 1n example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

Certain embodiments are described herein as including
logic or a number of components, modules, or mechanisms.
Modules may constitute software modules (e.g., code stored
or otherwise embodied on a machine-readable medium or 1n
a transmission medium), hardware modules, or any suitable
combination thereol. A “hardware module” 1s a tangible
(e.g., non-transitory) unit capable of performing certain
operations and may be configured or arranged 1n a certain
physical manner. In various example embodiments, one or
more computer systems (e.g., a standalone computer system,
a client computer system, or a server computer system) or
one or more hardware modules of a computer system (e.g.,
a processor or a group of processors) may be configured by
soltware (e.g., an application or application portion) as a
hardware module that operates to perform certain operations
as described herein.

In some embodiments, a hardware module may be 1mple-
mented mechanically, electronically, or any suitable combi-
nation thereof. For example, a hardware module may
include dedicated circuitry or logic that i1s permanently
configured to perform certain operations. For example, a
hardware module may be a special-purpose processor, such
as a lield programmable gate array (FPGA) or an ASIC. A
hardware module may also include programmable logic or
circuitry that 1s temporarily configured by soitware to per-
form certain operations. For example, a hardware module
may include software encompassed within a general-pur-
pose processor or other programmable processor. It will be
appreciated that the decision to implement a hardware
module mechanically, in dedicated and permanently config-
ured circuitry, or 1n temporarily configured circuitry (e.g.,
configured by software) may be driven by cost and time
considerations.

Accordingly, the phrase “hardware module” should be
understood to encompass a tangible enftity, and such a
tangible entity may be physically constructed, permanently
configured (e.g., hardwired), or temporarily configured (e.g.,
programmed) to operate 1n a certain manner or to perform
certain operations described herein. As used herein, “hard-
ware-implemented module” refers to a hardware module.
Considering embodiments 1n which hardware modules are
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temporarily configured (e.g., programmed), each of the
hardware modules need not be configured or instantiated at
any one instance in time. For example, where a hardware
module comprises a general-purpose processor configured
by software to become a special-purpose processor, the
general-purpose processor may be configured as respec-
tively different special-purpose processors (e.g., comprising
different hardware modules) at diflerent times. Software
(e.g., a soltware module) may accordingly configure one or
more processors, for example, to constitute a particular
hardware module at one instance of time and to constitute a
different hardware module at a different 1nstance of time.

Hardware modules can provide information to, and
recerve information from, other hardware modules. Accord-
ingly, the described hardware modules may be regarded as
being communicatively coupled. Where multiple hardware
modules exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate
circuits and buses) between or among two or more of the
hardware modules. In embodiments 1n which multiple hard-
ware modules are configured or instantiated at diflerent
times, communications between such hardware modules
may be achieved, for example, through the storage and
retrieval of information 1n memory structures to which the
multiple hardware modules have access. For example, one
hardware module may perform an operation and store the
output of that operation in a memory device to which 1t 1s
communicatively coupled. A further hardware module may
then, at a later time, access the memory device to retrieve
and process the stored output. Hardware modules may also
initiate communications with mput or output devices, and
can operate on a resource (e.g., a collection of information).

The various operations of example methods described
herein may be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by soft-
ware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
modules that operate to perform one or more operations or
functions described herein. As used herein, “processor-
implemented module” refers to a hardware module 1imple-
mented using one or more processors.

Similarly, the methods described herein may be at least
partially processor-implemented, a processor being an
example of hardware. For example, at least some of the
operations of a method may be performed by one or more
processors or processor-implemented modules. As used
herein, “processor-implemented module” refers to a hard-
ware module in which the hardware includes one or more
processors. Moreover, the one or more processors may also
operate to support performance of the relevant operations 1n
a “cloud computing” environment or as a “software as a
service’” (SaaS). For example, at least some of the operations
may be performed by a group of computers (as examples of
machines 1including processors), with these operations being
accessible via a network (e.g., the Internet) and via one or
more appropriate interfaces (e.g., an application program
interface (API)).

The performance of certain operations may be distributed
among the one or more processors, not only residing within
a single machine, but deployed across a number of
machines. In some example embodiments, the one or more
processors or processor-implemented modules may be
located 1n a single geographic location (e.g., within a home
environment, an oflice environment, or a server farm). In
other example embodiments, the one or more processors or
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processor-implemented modules may be distributed across a
number of geographic locations.

Some portions of the subject matter discussed herein may
be presented 1n terms of algorithms or symbolic represen-
tations of operations on data stored as bits or binary digital
signals within a machine memory (e.g., a computer
memory). Such algorithms or symbolic representations are
examples of techniques used by those of ordinary skill 1n the
data processing arts to convey the substance of their work to
others skilled in the art. As used herein, an “algorithm™ 1s a
seli-consistent sequence of operations or similar processing
leading to a desired result. In this context, algorithms and
operations 1volve physical manipulation of physical quan-
tities. Typically, but not necessarily, such quantities may
take the form of electrical, magnetic, or optical signals
capable of being stored, accessed, transferred, combined,
compared, or otherwise manipulated by a machine. It 1s
convenient at times, principally for reasons of common
usage, to refer to such signals using words such as “data,”
“content,” “bits,” “values,” “elements,” “symbols,” “char-
acters,” “terms,” “numbers,” “numerals,” or the like. These
words, however, are merely convenient labels and are to be
associated with appropriate physical quantities.

Unless specifically stated otherwise, discussions herein
using words such as “processing,” “computing,” “calculat-
ing,” “determining,” “presenting,” “displaying,” or the like
may refer to actions or processes of a machine (e.g., a
computer) that manipulates or transforms data represented
as physical (e.g., electronic, magnetic, or optical) quantities
within one or more memories (e.g., volatile memory, non-
volatile memory, or any suitable combination thereot), reg-
isters, or other machine components that receive, store,
transmit, or display information. Furthermore, unless spe-
cifically stated otherwise, the terms “a” or “an” are herein
used, as 1s common 1n patent documents, to include one or
more than one instance. Finally, as used herein, the con-
junction “or” refers to a non-exclusive “or,” unless specifi-
cally stated otherwise.
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What 1s claimed 1s:
1. A computer-implemented method comprising;:
receiving, by at least one computer processor, electrical
signals from a device of a user via an electronic
communication channel to aggregate a count of elec-
trical signals received per unit time, the electrical
signals generated by the device i1n response to user
iput across a plurality of user sessions of the user,
including a current user session, to indicate a number of
clicks made by the user on a user interface of a
publication system per the unit time;
detecting, by the at least one computer processor, an
increase in the count of electrical signals per the unit
time generated by the device of the user, such that the
count of electrical signals 1s at least proportionate to
intensity of clicking activity during the current user
session, the detecting comprising:
analyzing whether the count of electrical signals has
increased across the plurality of user sessions, the
analyzing comprising:
observing user activity patterns across the plurality
of user sessions to define cross-session activity
patterns to assist in prediction of the likelithood of
a final purchase decision during the current user
session;
denoting one or more discrete time increments
within the plurality of user sessions;
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measuring a temporal clicking activity level change
relative to the discrete time increments during the
current user session; and
determining whether the measured temporal clicking
activity level change exceeds a pre-defined thresh-
old limat to predict that the final purchase decision
1s likely to occur during the current user session;
commumnicating to the device, over the electronic com-
munication channel, personalized marketing content
data for display through the user interface in response
to an indication that the final purchase decision 1s likely
to occur during the current user session, the personal-
1zed marketing content data relating to motivating the
user to execute the transaction.

2. The method of claim 1 wherein the publication system
1S an ecommerce system.

3. The method of claim 2 wherein the clicks on the user
interface made by the user represent one of searching,
viewing an item, requesting that an i1tem be watched for,
bidding on an item, indicating a decision to buy the item
now, or providing feedback.

4. The method of claim 2 wherein the personalized
marketing content data comprises content relating to moti-
vating the user to execute the transaction on the ecommerce
system.

5. The method of claim 1 wherein detecting the increase
in the count of electrical signals per unit time comprises
detecting an 1increase of the Gini index for the activity of the
user, the Gini index being based on the count of electrical
signals per unit time.

6. Computer-readable hardware storage having embedded
therein a set of instructions which, when executed by one or
more processors ol a computer, causes the computer to
execute operations comprising:

recerving electrical signals from a device of a user via an

clectronic communication channel to aggregate a count
of electrical signals received per unit time, the electrical
signals generated by the device in response to user
input across a plurality of user sessions of the user to
indicate a number of clicks made by the user on a user
intertace of a publication system per the unit time to
define a current user session;

detecting an 1ncrease in the count of electrical signals per

unit time generated by the device of the user, the
detecting comprising:
analyzing whether the count of electrical signals has
increased across the plurality of user sessions, the
analyzing comprising:
observing user activity patterns across the plurality
of user sessions to define a cross-session rhythm,
the cross-session rhythm relating to change 1n user
activity level across the plurality of user sessions;
denoting one or more discrete time 1increments asso-
ciated with the cross-session rhythm; and
determining whether the change in user activity
level, relative to the one or more discrete time
increments, exceeds a pre-defined threshold limit
to predict that a final purchase decision 1s likely to
occur 1n the current user session; and

making an intervention with the device, over the elec-

tronic communication channel, to provide personalized
marketing content data for display through the user
interface 1 response to an indication that the final
purchase decision 1s likely to occur during the current
user session, the personalized marketing content data
relating to motivating the user to execute the transac-
tion.
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7. Computer-readable hardware storage of claim 6
wherein the publication system 1s an ecommerce system.

8. Computer-readable hardware storage of claim 7
wherein the clicks on the user interface made by the user
represent one of searching, viewing an item, requesting that
an item be watched for, bidding on an item, indicating a
decision to buy the item now, or providing feedback.

9. Computer-readable hardware storage of claim 7
wherein the personalized marketing content data comprises
content relating to motivating the user to execute the trans-
action on the ecommerce system.

10. Computer-readable hardware storage of claim 7
wherein the increase in the count of electrical signals per
unit time comprises detecting an increase of the Gini index
tor the activity of the user, the Gini index being based on the
count of electrical signals per unit time.

11. A system comprising:

one or more computer processors coniigured to:

receive electrical signals from a device of a user via an
clectronic communication channel to aggregate a
count of electrical signals received per unit time, the
clectrical signals generated by the device in response
to user mput across a plurality of user sessions of the
user to indicate a number of clicks made by the user
on a user interface of a publication system per the
unit time to define a current user session prior to a
final purchase decision, the number of clicks posi-
tively correlating to a first action intensity of the
user;
detect an 1ncrease 1 the count of electrical signals per
unit time generated by the device of the user, the
detection comprising;
analyzing whether the count of electrical signals has
increased across the plurality of user sessions, the
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plurality of user sessions including the current
user session and at least one prior user session, the
analyzing comprising:
observing the first action intensity across the cur-
rent user session and the at least one prior user
session, the at least one prior user session
having a second action intensity that 1s different
from the first action intensity;
denoting one or more discrete time increments
within the current user session and the at least
one prior user session; and
determining whether a ratio of the first action
intensity to the second action intensity, relative
to the discrete time increments, 1s greater than
a pre-defined value to predict that the final
purchase decision 1s likely to occur; and
communicate to the device, over the electronic com-
munication channel, personalized marketing content
data for display through the user interface, the per-
sonalized marketing content data relating to moti-
vating the user to execute the transaction.

12. The system of claim 11 wherein the publication
system 1s an ecommerce system.

13. The system of claim 12 wherein the clicks on the user
interface made by the user represent one of searching,
viewing an item, requesting that an item be watched for,
bidding on an item, indicating a decision to buy the item
now, or providing feedback.

14. The system of claim 12 wherein the personalized
marketing content data comprises content relating to moti-
vating the user to execute the transaction on the ecommerce
system.
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